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Impact of Hospital Delivery on Child Mortality:
An Analysis of Adolescent Mothers in Bangladesh
Introduction
With scientific and technological advancements such as vaccines and diagnostic methods, the potential to save children's lives continues to expand. Emergence of effective interventions is, however, not enough by itself unless they reach the children and mothers who need them most (Bryce et al. 2003) . In this paper we assess the causal impact of a direct public health intervention, namely, institutional/hospital (as opposed to home) delivery on mortality risks among children aged five or below. Mortality risks are concentrated around the time of birth: a quarter of all neonatal birth takes place within first twenty four hours of birth and three quarter within the first week (WHO 2006) . The underlying rationale for encouraging births in health facilities as opposed to home delivery is that it gives mothers access to trained health professionals, who are better able to recognize and manage delivery complications and perform essential and timely interventions using modern diagnostic tests, medicines as well as new born resuscitation (Filippi et al., 2006) . We are particularly interested to assess the effect on adolescent mothers, who bear additional risks: using demographic health survey data from fifteen developing countries Reynolds et al. (2006) found that compared to babies born to women aged 20-29 years, babies born to women younger than 20 have a 34 percent higher risk of death in the neonatal period, largely because of their increased risk of being low-birth-weight, and a 26 percent higher risk of death by age five.
Bangladesh is an important case in point. Despite its success in meeting the Millennium Development Goal (MDG) (48 per 1,000 live births in 2015) of reducing child mortality by 2015 1 , and also some success of reducing the infant mortality rate, there remain important inequalities: its 120,000
annual newborn deaths account for more than half (55 percent) of Bangladesh's under-5 child deaths in 1 The successful programs for immunization, control of diarrhoeal diseases and Vitamin A supplementation are considered to be the most significant contributors to the decline in child and infant deaths along with potential effect of overall economic and social development. 2 Increasing child survival rates, especially in the neonatal period, is therefore an issue of significant concern. To a large extent, this high incidence of infant mortality in the country is related to early marriage and early childbirth (Akter et al., 2007) . In particular, our analysis considers the impact of hospital delivery before and after the completion of Women's health project in
2005 that strengthened the emergency obstetric care (EmOC) in a woman's friendly environment (see further details in section 2).
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A variety of policies have been adopted to protect the interests of young yet high risk mothers including girls' scholarship to ensure girls' school completion (which may in turn delay child birth), introduction of laws relating to the minimum age at marriage, incentives to increase contraceptive use (see Schuler et al. 2005) in Bangladesh. Indirect policies of this nature have had limited success for a number of reasons: (i) there are issues of sustaining the short run gains.
(ii) There are social costs associated with some of these policies, which are not fully taken into account. 4 The present paper thus advocates for a more direct public health policy intervention, namely hospital/institutional (as opposed to home) delivery, which may yield immediate effect. The fact that most mothers (an overwhelming 85% in the 2007 demographic health survey; our calculation) deliver at home without a skilled attendant means that few resources are available for neonatal care in cases of complications. Often home deliveries take place in the presence of female family members (sometimes in the presence of traditional birth attendants (dais)), in unhygienic conditions, thus increasing the chance of infection in both the mother and the child. The situation is worse among young adolescent mothers: it is well documented (e.g., see Senderowitz and Paxman, 1985) that there are adverse physical/health consequence of early 3 child bearing for both the mother (for example anaemia, haemorrhage, sepsis, preeclampsia, obstructed labour) and the baby (e.g., low birth-weight, malnutrition, early death). Young mothers are also less likely to be knowledgeable enough to adequately care for her child.
Arguably, institutional delivery may help averting premature death of young children. There are however two important considerations here: (i) Supply: the market for health care in Bangladesh is characterised by coexistence of modern (provided in hospital and other health facilities, public or private) and traditional (faith-based or herbal based) health care (Haque et al. 2014) . The likelihood of hospital delivery then depends not only on access to various modern health care facilities in the locality, but also access to traditional health care facilities which offers an additional health care choice to households.
(ii) Demand: Choice of a specific type of health care not only depends on its access, but also on the demand forces, 5 which depend on the underlying costs and household budget constraints.
Although 'free', use of public health facilities may entail costs on various accounts: there are high outof pocket expenses for modern health inputs (e.g., see Costello and Nahar, 1998) available in public health facilities (especially high and rising prices of modern medicine), poor access to quality public care (Chaudhary and Hammer, 2004) , absence of women friendly environment in public facilities even when it is accessible. In contrast, traditional health care, e.g., faith based Unani facilities, is likely to be cheaper in terms of prices paid; it may also be more appealing to households with traditional religious values, e.g., people with Islamic faith. In reality, we observe the realized health care choice (as reflected in hospital or home delivery) of children as well as child health among other consumption goods, determined by both supply and demand considerations described above (see further discussion in section 3). This structure helps explaining a coexistence of traditional and modern health care facilities in a country like Bangladesh.
Our final aim is to assess the impact of hospital delivery on child health measured by various mortality risks. Identification of the effect of hospital or more generally institutional delivery on child mortality is thus likely to be econometrically challenging because of the inherent simultaneity: just as 4 choice of institutional/home delivery affects child mortality, likelihood of child mortality may also influence choice of institutional delivery. Many existing studies thus suffer from the underlying estimation bias while assessing the impact of institutional delivery (or related proxies) on health outcomes and find both positive and negative effects of choice of health inputs (see discussion below).
We adopt a novel approach here and exploit the exogenous variation in access to local health facilities, both traditional and modern, to instrument hospital delivery. Our analysis is based on the 2007
Bangladesh Demographic Health Survey (BDHS), which was the first round that provided information on access to different types of health modern (including hospitals, maternal and child welfare centres (mcwc), thana health centre (thc) and family welfare centre (fwc)) and traditional (unani and/or ayurvedic) facilities. Since a woman's choice of institutional delivery is unlikely to be random in the determination of child mortality, we first determine hospital delivery in terms of exogenous variation in the access to these traditional and modern health facilities at the local level (defined by the primary sampling unit), which is beyond the control of the individual households and use the predicted value of the variable as a valid instrument to determine the causal effect of institutional delivery on early, Our analysis contributes to a limited but growing literature on the use of health inputs on child health outcomes in developing countries. The literature is somewhat diverse in the choice of specific health inputs (pre-natal medical care, hospital delivery or presence of skilled birth attendant) as well as index of child health outcome (mortality risks, birth weight etc.). Panis and Lillard (1994) and Maitra (2004) both identified that prenatal medical care and institutional delivery have strong beneficial effects on child survival in Malaysia and India respectively, while using a meta-analysis Dharamstadt et al.
(2011) find a negative effect of skilled birth attendant on child health outcome. None of these studies however redress the estimation bias arising from endogeneity of health input chosen by households.
More recently, Randive et al. (2014) find that although inequality in access to institutional delivery care 5 persists in India, its extent has reduced since the introduction of Janani Swastha Yojana (JSY) in 2005 that promotes institutional delivery by offering a financial incentive of Rs. 500/-available uniformly throughout the country to poor pregnant women holding below poverty line (BPL) status. Mazumdar et al. (2011) exploit spatial and temporal variation in introduction of the Janani Suraksha Yojana program in India at the district level and find no effect of the program on either neonatal mortality (defined as deaths within 28 days), or early neonatal mortality (defined as deaths within the first 24 hours), despite a statistically significant increase in the rate of institutional deliveries.
Our best estimates come from the household fixed effects estimates that limits the potential estimation bias arising from household-level omitted factors. Among various health facilities, access to local family welfare clinic significantly enhances the likelihood of institutional delivery, 6 while age at birth increases with factors that boosts mother's bargaining power, e.g., mother's membership of various micro-finance/self-help groups, husband's age and also if she is the wife of the head of the household. Ceteris paribus, institutional delivery is associated with significantly lower incidence of early, neonatal and infant mortality rates, especially after the completion of the WHP. We argue that the particularly beneficial role of family welfare centres (relative to other possible health facilities) in this respect is likely to be related to their greater accessibility (see Appendix table 1 ) and women's friendly nature that offers more privacy (Cockcroft et al. 1999) . Second, we show that institutional delivery is particularly beneficial for saving lives of newborn children (within the first year) born to adolescent mothers, as this ensures adequate and timely (relative to home delivery) medical attention. Access to other health facilities however does not seem to matter as they are much less accessible to most households (see further discussion in section 4). 7 Given the potential endogeneity of mother's age at birth, we use indices of women's bargaining power (e.g., membership of micro-finance or self-help groups, being the wife of the head of the household and also husband's age) and also her awareness of health issues (measured by her listening to tv/radio daily) to determine age at birth, another endogenous variable. women-friendly environment in the public health facilities, are less likely to die even if they are born to adolescent mothers, but only if these mothers choose to deliver in a health facility.
While Chaudhary and Hammer (2004) highlight the problems of unfilled positions, absenteeism especially among doctors (the problem is relatively less among nurses, paramedics and other lower ranking health professionals) in Bangladesh (also see Banerjee and Duflo, 2006 for the general problem absenteeism in developing countries), our results highlight the potential efficacy of institutional delivery as a direct public health intervention (relative to other medium and (Begum et al., 2000) . An integral part of the project has been to provide twenty four hour comprehensive EmOC services.
Life saving services (signal functions) for direct obstetric complications include: administration of parenteral 1) antibiotics, 2) oxytocics and 3) anticonvulsants; 4) manual removal of placenta; 5) removal of retained products; 6) assisted vaginal delivery; 7) cesarean section ( We consider four different measures of child mortality: early mortality (child dies within a week of birth, neonatal mortality (child dies within 30 days of birth), infant mortality (child dies within a year of birth) and finally child mortality (child dies within 5 years of birth). Overall 6 percent of children die before their 5 th birthday but this is as high as 7.6 percent for children born to adolescent mothers. Early, neonatal and infant mortality rates are all significantly higher for children born to adolescent mothers.
Early childbearing is widely prevalent in our sample. Overall 38 percent of children are born to women less than 20 years old at the time of the childbirth. This percentage is as high 76 percent for the first-born and falls steadily thereafter. Early childbirth has a significant effect on child mortality -nearly 15 percent of children born to adolescent mothers die before the fifth birthday. The corresponding figure is 9.5 percent for children born to non-adolescent mothers. Just about 13 percent of children born to adolescent mothers are born in a hospital, compared to 18 percent of children born to non-adolescent mothers (the difference is statistically significant with a p-value = 0.02). Overall less than 17 percent of all births takes place at a hospital. Figure 1 presents the non-parametric lowess plots of the relationship between age of the mother at birth and the four different measures of child mortality. There is a systematic negative relationship evident for all four measures so that child mortality risks decline as age at birth increases. There is a considerable regional variation in the extent of early births, choice of health inputs and child mortality rates (see Table 2 ). The proportion of adolescent births varies from 0.38 in Rajshahi to 0.24 in Sylhet while the rate of hospital delivery ranges between 25.5 percent in Khulna to 10.7 percent in Sylhet. In terms of child mortality rates, Sylhet appears to be the worst 10 performing division, with early, neonatal, infant and child mortality rates all being higher than the national average. In our econometric analysis we include a set of regional dummies to account for the unobserved inter-regional variation in health infrastructure availability as well as their usage. Table 3 summarises the selected descriptive statistics for the two samples used here for the purpose of the analysis.
Estimation strategy
This section explains the estimation issues and identification strategy. In this section we explain the econometric issues involved in determining child health, after resolving the simultaneity between hospital delivery and child health and also controlling for all other exogenous factors that may also influence child health.
Determination of child mortality
The primary variable of interest in our analysis is child mortality and we use four different measures of child mortality in this respect including early mortality, neonatal mortality, infant mortality and also child mortality. The unit of analysis is a child born to a particular woman . There might be multiple children born to the same mother during the period under consideration, which enables us to identify mother/household specific unobserved effects. The estimating equation for infant mortality is specified as: *
where * is the propensity that a child dies within a week of birth/within 30 days of birth/within a year of birth/within 5 years of birth; * is not observed: what we observe instead is Early mortality/Neonatal mortality/Infant mortality/Child mortality each of which is categorised as indicator variable. Here ≡ , is a vector of individual and parental/household and other (e.g., community) characteristics that can potentially affect child mortality. Given the binary nature of the measure of the dependent variable in equation (1), it is estimated using maximum likelihood probit.
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Our central hypothesis is that child health outcomes would depend on parental health care choice, namely, hospital or home delivery as measured by the variable HOSPDEL that takes a value 1 if the child is delivered in a health facility as opposed to home. Among other child specific characteristics in equation (1), we include a dummy for male child, if the child is one of the twins, his/her birth order (we include birth order 1,2,3,4 to test if there is any non-linearity in the birth order effect), the age of the mother at the time of the birth of the child. 10 While gender, twins variable and birth order variables account for parental preferences for human capital investment for some children against others, mother's age at the birth of the child will account for the age-related biological factors that may influence child health. The parental/household level variables include the highest education attained by each parent (primary, middle and high schooling), wealth quantiles (the reference category being quantile 5), household religion (Muslim dummy) and rural residence (dummy), all of which would account for the effective demand for health care choice for the child. In particular, more educated and also more wealthy parents are more likely to invest more in child health while child health are likely to be worse in rural households and this can be driven by both demand (there are poorer and less wealthy households) and supply (there are scarcity of health infrastructure) factors. We also include a set of regional dummies representing each division, namely, Barisal, Chittagang, Dhaka, Khulna, Rajsahi and Sylhet, with a view to account for the unobserved division-level variation in health infrastructure as well health demand. These regional factors may also account for the unobserved variation in prices of health care goods that we cannot directly account for because of the inherent endogeneity issue. We further include dummies for birth-year to account for birth-year specific demand (at the family-level) and/or supply (e.g., introduction of new health facilities, technological innovation including new diagnostics/medicine) and also interactions between (region*birthyear) region specific birth-year level shocks that may also influence child health.
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The unmeasured determinants of child mortality can be divided into two parts so that . The first part is common to all children born to a particular woman and captures mother level unobserved heterogeneity that affects the health of all children born to the same mother.
This could include biological/genetic factors that are unobserved to the researcher: for example a mother might have some biological problem that is transmitted genetically to her children and results in poor health outcomes to all her children, thereby increasing the probability of the child dying. We refer to this part of the error term as the fixed mother specific effect (this is especially taken account of when we consider women with at least two children). Note that equation (1) is estimated as a random effects probit regression. ~ 0, and is assumed to be uncorrelated with other covariates. All other residual variation is captured by the child-specific error term , with ~ 0,1 ; unlike , could however be correlated with other co-variates.
Endogeneity Issues and Identification
Arguably, the child specific explanatory variables include two potentially endogenous variables, namely, mother's age at birth and hospital delivery, that could be correlated with , leading to standard endogeneity problems. Mother's age at childbirth is potentially endogenous in determining child mortality in that it is related to parental choices regarding the timing and spacing between successive births. A second potentially endogenous variable relates to hospital delivery. 11 Women who choose to have children in a hospital is not necessarily a random subset of the population. Indeed we might have the possibility of negative and positive self-selection: first women who choose hospital delivery may have private information on certain aspects of her health (unobserved to the researcher), which might result in increased risk of child mortality (adverse self-selection). Alternatively, women who choose 11 One can consider other possible health inputs affecting child mortality: for example tetanus vaccination during pregnancy or prenatal check up by a qualified health professional. However in neither of these cases did we have the relevant data for all children born in the 5 years preceding the survey: this information was only available for the last child born. Finally we do not include child vaccination in our set of explanatory variables, since we are restricting our analysis to children dying before the first birthday for most of our empirical analysis, because in this case vaccination would be incomplete for a number of children in the sample.
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hospital delivery could be low risk women, but with a strong preference for healthy children (favourable self-selection).
To account for the potential endogeneity of both age of the mother at the time of birth of the child and hospital delivery we use an instrumental variable approach. This requires us to find at least one variable that directly affects the age at birth but not child mortality (instrument relevance). We also need some other identifying variables that directly affects 2 nd potentially endogenous variable hospital delivery but not child mortality. A second condition is that these instrumental variables are uncorrelated with the error term of child mortality equation 1 (instrument validity). Further a test for overidentification is required only when we have more instruments than endogenous variable; clearly, this is a pertinent issue for this analysis, as we have two instruments respectively for hospital delivery and mother's age at birth to determine on endogenous variable child mortality. We test for instrument relevance, validity and also the validity of over-identification restriction (see further discussion in section 4).
We argue that a woman's awareness of female/child health issues and also her bargaining power in the household would influence her age at birth, especially the first birth. As such, we proxy her awareness of female/child health issues by her listening to radio/tv daily, as these child/reproductive health issues are likely to be discussed on the media regularly; also there may be advertisements for government's new initiatives, if any, on radio/tv and advice for mothers/households. Second, we use a woman's membership in any micro-finance organisation or self-help group as the relevant measure for her bargaining power which could also influence her age at the time of birth. The underlying idea is as follows. Associations may become a medium of coordination, information transfer, and representation, which may in turn create safeguards for members against socio-economic extortion. In this respect, we use factor analysis to generate a composite index called social capital that takes a value 1 if the woman in question is a member of any micro-finance (Grameen Bank) or other human development network operating in Bangladesh to empower the poor, especially women (e.g., BRAC, BRDB, Asha, Proshika).
We argue that membership of any of these organizations would enhance women's empowerment and may help women having a greater say in family decision making especially relating to mother/child 14 health issues. Finally, we include her husband's age and also a binary variable indicating whether the woman is the wife of the head of the household; older husbands are more likely to have a greater say in family decision making which can be further strengthened if he is also the head of the household. Beckerian framework, would choose the optimal health care subject to the cost considerations and the associated budget constraint.
While it is true that a lower age of the mother at the time of the birth of the child has adverse consequences on the health of the child (contributes to an increase in child mortality), we argue that hospital delivery is an essential intervention that may help to reduce these adverse effects net of possible costs. To examine this hypothesis we include an interaction term (Age at birth×Hospital delivery) as an additional explanatory variable in the estimation of child mortality equation (1). The underlying ideas is that the estimated coefficient of the interaction term would capture the differential effect of hospital delivery for a given age at birth of the mother. This interaction coefficient therefore allows us to identify the effect of hospital delivery on adolescent mothers when age at birth<=19.
Thus the final mortality equation that we estimate is given by:
12 One may however argue that women with greater bargaining power on this account may also have time constraint to look after their children thus adversely affecting child health as well, which may invalidate this instrument. Note however that women who are members of micro-finance or self-help group are primarily selfemployed rather than working for others. As such they are likely to have flexibility of hours, thus minimising any impact on child health. The latter does not necessarily make our instrument invalid. In fact, our instrument would still be valid so long as the link between women's empowerment and child health is indirect. Indeed all our tests support the relevance and validity of this instrument (see further discussion in section 4).
In equation (2) ^ and ^ are the two instrumental variables obtained from the first stage estimates of these variables (see Appendix Tables A3 and A4 and also discussion in section 4).
After controlling for all other factors X that may influence various measures of child mortality, we are particularly, interested in the estimated coefficient of the interaction term since it provides the differential effect of hospital delivery for a given age at birth of the mother. For hospital delivery to be beneficial for mothers of a given age, we expect this interaction coefficient to be negative and statistically significant.
In order to ascertain the effect of hospital delivery on child health specifically among adolescent mums aged 13-19 years, we further estimate an alternative model using mother's age at birth group k=0,1,2,3 respectively for 13-19, 20-24, 25-29 and 30-34 (reference category being women aged 35 years and above) and specifically focus on the interaction of ( ^* agep0) where agep0 is the predicted probability of child birth for mother's aged 13-19 years derived from the first stage estimates (see Table A5 and also discussion in section 4.4). The advantage of this methodology is that we continue to use the full sample rather than truncating hospital delivery by mother's age at birth category at birth.
Results
We start with the full sample estimates of various mortality rates under consideration. Despite having a very rich set of data, no one can deny the influence of omitted variables. Hence we next move on to consider the household fixed effects estimates of these mortality rates, which allows us to minimise the household-level omitted variable bias, as we exploit the within household variation in mortality rates among children born to same parents.
First stage estimates of Mother's age at birth and hospital delivery
16 Table A4 summarises the probit marginal effects estimates of hospital delivery. We show estimates for the full sample (column 1) and also for the subsample of mothers with at least two children (column 2).
Ceteris paribus, we find that households from neighbourhoods with family welfare clinics are significantly more likely to have hospital delivery while those from neighbourhoods with alternative medicine are less likely to do so. Note however that access to other modern health facilities do not significantly increase hospital delivery, highlighting that access may not necessarily boost usage because of supply constraints discussed in the introduction. Among other results, women with more schooling and also husbands with more schooling are more likely to have hospital delivery while those from Muslim households are less likely to do so.
Second, we obtain the ols estimates of mother's age at birth of the child as summarised in Appendix Table A5 . We show the estimates for the full sample (column 1) and also those for the subsample (column 2). Ceteris paribus, we find that measures of woman's bargaining including index of social capital, being the wife of the head of the household and also husband's age significantly increase the woman's age at birth while listening to tv/radio does not matter in this respect.
We use these first stage estimates hospital delivery and mother's age at birth to generate their predicted values which are then used as IVs for hospital delivery and age at birth to estimate various child mortality indices shown in Table 4 (full sample) and also Tables 6 and 8 (subsample of women with at least two children).
Full sample estimates of child mortality
The primary variables of interest for the analysis in this paper relate to the four mortality indices including early mortality, neo-natal mortality, infant mortality and child mortality. Given each of these mortality indices is binary in nature, we estimate four different probit models. We start with the noninstrumented (non-iv) probit maximum likelihood non-iv estimates for the full sample as summarised in Appendix Table A2 . However these non-iv results are likely to be biased as there are two potentially endogenous explanatory variables, namely, mother's age at birth, and hospital delivery.
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So we move on to Table 4 that summarises the full sample estimates of mortality rates; here we instrument these two potentially endogeneous explanatory variables using estimates shown in Appendix   Tables A3 (for hospital delivery) and Table A4 (for mother's age at birth). Before analysing these results, let us consider the exogeneity tests for instrument relevance, validity and over-identification as summarised in Table 4 . First, instrument relevance test (chi-square) statistics are statistically significant for both hospital delivery and mother's age at birth equations, suggesting that these instruments together explain a significant variation in hospital delivery and mother's age at birth respectively. Second, we test if the instruments are uncorrelated with the residuals of the mortality equations as captured by the instrument validity test chi-square statistics. Since none of the test statistics are statistically significant, we accept the null hypothesis of exogeneity. Finally, we test for over-identification as we have 2 instruments (one for hospital delivery and a second one for mother's age at birth) and one endogenous variable for each selected mortality index. Again, chi-square test statistics suggest that all the p-values are large so that we accept the null hypothesis that the over-identification restrictions are valid.
After controlling for all other factors that may influence selected mortality rates, we find that the estimated coefficients of the interaction term (hospdel*age) at birth turn out to be negative and statistically significant in columns 1-4 of Table 4 . In other words, institutional (as opposed to home) delivery is likely to be associated with significantly lower early, neonatal, infant and child mortality rates for a given age at birth of the mother in our sample. We take this as evidence that this direct public health intervention (as opposed to imposing minimum age at marriages or schooling to delay marriage) is likely to be effective in reducing child mortality rates even when a child is born to a teenage mother. Table 5 shows the predicted probability estimates of early, neo-natal, infant and child mortality rates for different values of mother's age at birth and hospital delivery obtained by using Table 4 estimates. The average mortality rates for all births turn out to be about 5% for child mortality between 1-5 years of age of a child. Note that the corresponding mortality rate is about 4% among mothers who are >=20 years old while it increases to about 6.4% for younger teen mothers. Hospital delivery among teen mothers can, however, lower child death from 6.4% to 4.6%, which is a significant benefit relative to the teen mothers with home delivery. This can be contrasted with the variations in the child mortality 18 by access to various health facilities in the neighbourhood. Medically, risks of child mortality is high during the neo-natal period (WHO 2006) . We find that the risk of neonatal mortality among adolescent mothers decreases by about 1.3 percentage points if the child birth takes place at a hospital rather than at home. The average neonatal mortality is 0.05 among adolescent mums so that the hospital delivery can help averting about 26% death among adolescent mothers within the first month of child birth. It is because having a birth at the hospital as opposed to home ensures the access to the medical experts who can employ all the modern diagnostic tests and medications which may help a newborn to survive.
Household fixed effects estimates of child mortality indices
We next consider the household fixed effects estimates of selected mortality indices for children aged 5 or under in our sample for households with two or more children (see Table 6 ); this allows us to exploit the variation in mortality outcomes of children born to same mother, thus helping us to net out the unobserved mother/family-level factors. As in Table 4 , we use the instruments for the two potentially endogenous variables, namely, hospital delivery and mother's age at birth, using first stage estimates of these variables as summarised in column (2) of Appendix Tables A3 and A4 respectively.
Finally, we include these IVs for age at birth and hospital delivery to obtain the household FE-IV estimates of selected mortality rates as summarised in Table 6 . As in Table 4 , we find from Table 6 that these instruments satisfy instrument relevance, validity and over-identification restrictions so that we can proceed to analyse these results. Controlling for all other factors, there is evidence of a negative and statistically significant estimate of (hospdel*ageatbirth) in each column of the Table. As before, hospital delivery lowers early, neo-natal, infant and child mortality for a given age at birth and the marginal effect of the interaction coefficient increases as we move from early mortality to child mortality. We then turn to Table 7 that shows the predicted estimates of child mortality rates. Compared to Table 5 , predicted probability estimates of neonatal mortality rates seem to be higher when we consider within household variation in neonatal mortality (using the household fixed effects estimates).
While the rate is about 8% for all births, it is about 11% among adolescent mothers aged below 20
years. The neo-natal mortality rate, however, declines to about 9.5% among adolescent mothers if the 19 child is delivered in the hospital, thus highlighting the extent of additional lives saved due to hospital delivery, after controlling for all other factors. We prefer the household fixed effects estimates for mothers with at least 2 children as it minimises the bias arising from the omitted household-level variables as we consider the children born to the same mother though it remains much unexplored in the literature. Evidently, relative to the pooled sample, the extent of mortality risks are higher when we consider the household fixed effects estimates though as before these estimates highlight the significant impact of institutional delivery for saving lives of newborn child in our sample.
Household fixed-effects estimates with categorical age at birth variable
So far we have used the continuous age at birth variable that allows us to find the effect of hospital delivery for a given age at birth. We are however particularly interested to find the effect of hospital delivery on adolescent mothers aged 13-19 years. In doing so, we shall, in this section, split the continuous mother's age at birth into various groups to generate the following categorical variable. A simple frequency distribution of this categorical variable suggests that about 32% of sample women at child birth before reaching their 20th birthday, another 32% had birth between 20-24 years of age while only 5.5% sample women had births when they were 35 years or above. Given the categorical nature of the age variable we use a multinomial logit model to determine the new age at birth for mothers with at least two children, with a view to explore if the same set of factors may determine the likelihood of child birth at different age groups differently (see Appendix Table A5 ). As before, greater social capital, husband's age and being head's wife are found to significantly lower the likelihood of being mothers during teen years (age group 0) and also between 20-24 years of age (age group 1) relative to the reference category of mothers aged 35 years and above. We use these first stage estimates to predict 20 the probability of being mum at different age groups, namely, agep0, agep1, agep2, agep3 respectively for 13-19, 20-24, 25-29 and 30-34 years age groups (reference category being women aged 35 years and above), which are then used to determine the selected child mortality indices in our sample.
The resultant child mortality estimates are summarised in Table 8 (4) showing child mortality estimates. Table 9 shows the corresponding predicted probability estimates obtained by using the Table 8 estimates. Note that the predicted probability of neonatal mortality is about 0.14 among adolescent mothers in the pre-2005 years even when a birth takes place in a hospital. But it comes to about 6.6% in the post 2005 years among adolescent mothers with hospital delivery. This highlights a significant benefit of the completion of the WHP which boosted
EmOC and also ensured a women-friendly environment in the hospitals, thus encouraging households to make use of these facilities.
Conclusion
Each year, nearly 4 million newborns in the developing world die, primarily due to treatable and preventable causes. Most of these deaths could be avoided through direct and affordable public health interventions like hospital as opposed to home delivery. We consider the case of Bangladesh where high incidence of infant mortality is related to early marriage and early childbirth. While there is a sizeable literature (e.g., see Geronimus and Korenman, 1992) on teen pregnancy in developed countries,
little is known about adolescent child birth in low-income countries like Bangladesh.
Using 2007 BDHS data, we find that the incidence of hospital delivery is particularly low (only about 13%) among young adolescent mothers who experience higher than average child mortality risks 21 especially during the neo-natal period. Accordingly, the present paper examines the effect of hospital delivery, a direct public health intervention, on selected indices of mortality indices among young children aged 5 years and under. This is because hospital delivery, as opposed to home delivery, ensures that the young mother and the child receive the benefit of timely medical care, modern diagnostics and modern medicine too while the vast majority of women having child birth at home are deprived of these facilities. Our preferred estimates come from household fixed effects estimates with IV for two potentially endogenous variables, namely, hospital delivery and mother's age at birth, for households with at least two children. Thus exploiting the within household variation in selected child mortality indices, we find a significant beneficial effect of hospital delivery on these child mortality indices even among adolescent mothers, after controlling for various observable/unobservable individual, household and location specific characteristics. In addition to socio-cultural prejudice, one of the primary reasons for high incidence of home delivery is the limited access to primary health care, especially in the remote areas of the country. Our results suggest that the beneficial effect of hospital delivery has been greater in the post-2005 years after the Women's Health Project was over, which boosted access to EmOC and also popularised the use of women friendly hospitals in the neighbourhood. The finding that hospital delivery can redress the adverse effects of adolescent childbirth on child survival implies that one has in principle identified a convenient policy instrument of encouraging use of hospital delivery in the short run provided the underlying costs are not exorbitant. [1] Note that hospital delivery is instrumented by the community's access to various modern (thana health centre, family welfare centre, mother and child welfare centre) and traditional (unani or ayurvedic) health facilities.
[2] Age at birth is instrumented by husband's age, if the woman is wife of the head of the household and also if she is a member of a self-help group, all of which are likely to influence her bargaining power in the household positively/negatively. [3] The instrument validity is tested by checking if the instruments and their products are orthogonal to the error of various mortality regressions. Robust standard errors in parentheses;*** p<0.01, ** p<0.05, * p<0.1; other control variables are as in Table 4 . We use the multinomial logit estimates of mother's age at birth groups (see Table 5 District (52) Thana (24) Union ( 
